Background: Expanded access to antiretroviral therapy (ART) leads to improved HIV/AIDS treatment outcomes in Nigeria, however, increasing rates of loss to follow-up among those on ART is threatening optimal standard achievement. Therefore, this retrospective cross-sectional study is aimed at identifying correlates and predictors of loss to follow-up in patients commencing ART in a large HIV program in Nigeria.
Background
Loss-to-follow up (LTFU)-a situation where people living with HIV (PLHIV) receiving combination antiretroviral therapy (cART) become unaccounted for within a specified period, remains a frequent clinical and epidemiological challenge for HIV programs [1, 2] . LTFU is associated with poorer consequences [2] [3] [4] because of loss of PLHIV across the care continuum and complicates global evidence of the rapid ART scale up era [5, 6] . As at the end of 2017, an estimated 21.7 million [19.1-22.6 million] people globally were accessing treatment [7] , and in Africa's hard hit eastern and southern regions covering 10.3 million people, a 24% [22-26%] to 54% [50-58%] rise. As at 2016, about 30% ~ 960,000 (608,000-1,344,000) of Nigeria's 3,200,000 (2,300,000-4,300,000) PLHIV were on cART [8] .
Notwithstanding regional, age, gender and populationrisk disparities, epidemic-control gains of the cART era are apparent, with worldwide AIDS-related deaths down Aliyu et al. AIDS Res Ther (2019) 16:30 by 34% from 2010 to 2017 and stagnation in incident HIV infections (all ages), which declined from a peak of 3.4 million [2.6-4.4 million] in 1996 to 1.8 million [1.4-2.4 million] in 2017 [7] . Since 2010, new HIV infections and AIDS-related deaths in Nigeria, have slid by 21% and 6% respectively [8] , with Nigeria in 2016, aiming to maximize gains by adopting the treat-all approach that mandates prompt and universal cART for all PLHIVs [9, 10] .
Multiple studies abound on the magnitude of LTFU and its drivers in sub-Saharan Africa (SSA) with patientrelated factors including gender, education, age, ART initiation, ART status, CD4 level, duration of diagnosis identified as major factors [11] [12] [13] [14] . Results vary based on approach, definition, and period when the LTFU cohort were in care (pre-ART) or on ART. A systematic review of 39 LTFU cohorts and 22,6307 patients in SSA found attrition to be 22.6% at 12 months and 23% to 30% at 24 months [2] , while another review of 180,718 patients across six regions reported a LTFU rate of 19.9% [3] . An analysis of 4206 patients initiated on ART in a large HIV program in Nigeria described that 24.8% of them were LTFU after 10 years [15] while a nationally representative study of patients on ART stated a LTFU prevalence of 12.3% per 100 person years [16] .
By utilizing long-term routine program data to ascertain how patient, site and related factors impact LTFU, this study contributes to discourse of Nigeria's LTFU issue in the context of HIV program improvement. Such knowledge has potential to inform program effectiveness and efficiency [1, 5, 8] as well as mitigate the consequences of LTFU.
Methodology

Study population and settings
Data of all PLHIV adults, pregnant women, pediatrics and adolescents who were enrolled within the Institute of Human Virology Nigeria (IHVN) network into care and received ART from 2004 to 2017 from 432 PEPFAR/CDC supported public health facilities (Tertiary, Secondary, Primary) and private health facilities across 10 Nigerian states (see Table 1 ) and Federal Capital Territory (FCT) were used for this study. The IHVN is an NGO that provides quality HIV care through technical assistance and support to Nigerian states.
Study design and implementation
The study is a retrospective cross-sectional study of clinical data of patients ever enrolled on ART.
Data collection/analysis
All patients reported on the Retention and Audit Determination Tool (RADET) from January 2004 to June 2017 were extracted into an excel template. Demographic and clinical program parameters of all patients were described using frequencies and percentages. Bi-variate and multivariate analysis using Chi square and logistic regression was conducted for patients that were active or LTFU. All p-values reported were two-sided. Analyses were conducted in STATA version 14 
Results
Sample characteristics
In the 13-year program review period, of all the 245,257 patients ever enrolled on ART (as depicted in Table 1 ), females were slightly more (59.2%), majority (77.8%) of all clients resided in Nigeria's northern states (Benue, FCT, Kano, Kaduna, Katsina, Nassarawa), were between 25 and 49 years (75.1%) in age. Most (98.9%) adults and paediatrics clients initiated a first line regimen at start of ART, half (50%) of enrollees had received ART for more than 25 months and 63.81% were on a bimonthly ARV refill schedule. Table 1 also shows that at study endpoint (30th June 2017), 97.4% (137,362/140,977) of the patients still on treatment were on first line regimen, which indicates that less than 3% switched from first to second line regimen, within this 13-year review. Among all ever enrolled on ART clients within the review period, 150,191 (61.2%) remained on treatment, 10,960 (4.5%) were transferred out to other facilities, 6926 (2.8%) died, 2139 (0.9%) self-terminated treatment and 75,041 (30.6%) had a LTFU event captured (see Table 1 ). Of the 75,041 LTFU clients, (67.2%) were female, resided mostly in the North (80.3%), were within ages of 25-49 years (73.6%) and received ART for greater than 25 months (33.7%) with 98.9% and 96.6% of them on first line regimen at start of ART and at time they were categorized as LTFU respectively. Of the 50,444 females recorded to have been LTFU, 1108 (2.2%) and 199 (0.4%) were pregnant or breastfeeding respectively.
Comparing Patients who became LTFU and those retained in Care
In total, we evaluated and compared 75,041 patients who were recorded as LTFU and 150,191 who were retained in care (Tables 1, 2). Table 1 shows that 35.6% of Males were LTFU compared to 64.4% of them that are retained in care (p < 0.001), while 39.9% of the patients whose age group is 65 + as at 30th September, 2017 were LTFU as against their active counterparts (60.1%) in care (p < 0.001). Also 32.9% of pregnant females were LTFU in comparison to those retained (67.1%) in care (p < 0.001), while 34% of the patients from the Northern region (see Table 1 footnote) were LTFU compared to 66% of them retained in care (p < 0.001). Table 2 showed that a significantly lower proportion of adults on first line regimen at start of ART (33.4%) and at the end-point of the study (33.7%) are LTFU compared those retained in care at start of ART (66.6%) or at the end-point of the study (66.3%) at (p = 0.003, ART start and p < 0.001, end-point) respectively. Also, 49.4% of patients who received onemonth ARV refills as seen in Table 2 were LTFU compared to 50.6% who were retained in care (p < 0.001) while 59.4% of those who were on ART for at most 6 months were LTFU compared to 40.6% of those retained in care (p < 0.001). Furthermore, 41.4% of those who had no viral load test done were LTFU compared to 58.6% that were retained in care (p < 0.001).
Socio-demographic factors and their association with LTFU
As at end time of study (30th September 2017) as depicted in Nassarawa and FCT were responsible for the highest proportion of LTFU (34.13%) compared to the rest (33.43%) at p = 0.019.
Clinical factors and their association with LTFU
Clinical factors and their association with LTFU are described in Table 2 . During the implementation of the program, six first-line treatment regimens were prescribed: Zidovudine, lamivudine, and nevirapine or efavirenz (ZDV/3TC/NVP or EFV); stavudine, lamivudine, and nevirapine or efavirenz (d4T/3TC/NVP or EFV); and tenofovir, emtricitabine, and nevirapine or efavirenz (TDF/FTC/NVP or EFV). A greater proportion of adults on first line regimen (FLR) at start of ART (33.41%) were LTFU compared to those on second line regimen (SLR) at start of ART (32.92%) and this was similar for paediatrics (31.76% for FLR versus 30.05% for SLR) at p = 0.003. This FLR and SLR difference was also seen between adults (33.74% versus 26.25%) as well as paeditrics (30.67% versus 25.68%) on ART at the end-point of this study at p < 0.001. Patients who received one-month ARV refills (49.4%) accounted for more LTFU compared to those who received two-month (26.47%) or ≥ three-month refills (14.08%) at p < 0.001. Table 2 also showed that a higher proportion of patients who were on ART for at most 6 months (59.4%) were LTFU compared to those on ART between 7 and 12 months (32.92%), 13-24 months (30.80%) or ≥ 25 months (21.57%) and this difference is statistically significant (p < 0.001).
Only about 25% of patients did a viral load test (the program between 2004 and 2013 was offering targeted VL monitoring) and a greater proportion of patients whose viral load was detectable (17.45%) were LTFU compared to those with undetectable viral load (7.36%) while a greater proportion of patients whose viral load was unsuppressed (15.67%) were LTFU compared to patients who were suppressed (3.56%) at p < 0.001.
Predictors of LTFU Univariate (Crude odds ratio) analysis
Univariate logistic regression analysis as shown in Table 3 showed that patients who were LTFU were more likely to be males (OR: 1.16, 95% CI 1.14-1.18, p < 0.001); non-pregnant females (OR: 3.76, 95% CI 3.24-4.35, p < 0.001); patients with un-suppressed viral load (OR: 2.67, 95% CI 2.52-2.83, p < 0.001) and those whose age were > 10 years (OR: 1.27, 95% CI 1.16-1.39, p < 0.001) with the strength of prediction increasing as the age increased to ≥ 65 years (OR: 1.81, 95% CI 1.67-1.97, p < 0.001). While patients who were less likely to be LTFU are those on two-monthly (OR: 0.37,95% CI 0.36-0.38. p < 0.001) or three-monthly ARV refills (OR: 0.68, 95% CI 0.66-0.70, p < 0.001); patients in Nigeria's south (OR: 0.86, 95% CI 0.84-0.88, p < 0.001); patients whose viral load indication was targeted (OR: 0.57, 95% CI 0.53-0.62, p < 0.001); those whose facilities are located in the Northwest region (OR: 0.97, 95% CI 0.94-0.99, p < 0.001); those on adult 2nd line regimen (OR: 0.70, 95% CI 0.67-0.73, p < 0.001), pediatric 1st line (OR: 0.87, 95% CI 0.83-0.91, p < 0.001) or pediatric 2nd line regimen (OR: 0.68, 95% CI 0.53-0.87, p = 0.002) and patients on ART for 7-12 months (OR: 0.33, 95% CI 0.32-0.35, p < 0.001) or 13-24 months (OR: 0.30, 95% CI 0.30-0.31, p < 0.001) or greater than 24 months (OR: 0.19, 95% CI 0.18-0.19, p < 0.001).
Multivariate (adjusted odds ratio) analysis
The multivariate logistic regression model (see Table 3 ) was significant and able to account for 93% (Pseudo R 2 = 0.1733) of the variables that predicted LTFU among 156,124 patients. Non-pregnant female patients on ART were about 5 times (aOR: 4.55, 95% CI 3.89-5.31, p < 0.001) more likely to be LTFU compared to their breastfeeding counterparts, while patients on ≥ 3-monthly ARV refills were more likely (aOR: 1.32, 95% CI 1.26-1.37, p < 0.001) to be LTFU compared to those on one-month ARV refills, while those on twomonth refill were less likely (aOR: 0.59, 95% CI 0.57-0.61, p < 0.001) to be LTFU compared to those on one-month ARV refills. Patients with un-suppressed viral loads on ART have about 3 times (aOR: 4.52, 95% CI 4.11-4.96, p < 0.001) increased odds of being LTFU compared to their suppressed counterparts. Patients on adult 2nd line regimen (aOR: 1.23 95% CI 1.15-1.31, p < 0.001) or paediatric 1st line regimen (aOR: 1.70 95% CI 1.38-2.11, p < 0.001) were significantly more likely to be LTFU compared to counterparts on adult 1st line regimen. The likelihood of being LTFU in comparison to patients aged 1-9 years, increased with increasing age from 10 to 14 years (aOR: 2.99 95% CI 2.56-3.50, p < 0.001) to its highest at ≥ 65 years (aOR: 1622.84 95% CI 1142.97-2304.19, p < 0.001). Meanwhile as the duration on ART of patients increased from 7 to 12 months (aOR: 0.42, 95% CI 0.41-0.44, p < 0.001) to 13-24 months (OR: 0.41 95% CI 0.39-0.43, p < 0.001) and ≥ 25 months (aOR: 0.25 95% CI 0.24-0.25, p < 0.001) the less likely were patients LTFU in comparison to patients on ART for less than 6 months. Also, patients who are in southern part of Nigeria (aOR: 0.69, 95% CI 0.67-0.71, p < 0.001) compared to the North or whose indication for viral load test was targeted (aOR: 0.44, 95% CI 0.39-0.49, p < 0.001) rather than routine were significantly less likely to be LTFU. 
Discussion
The proportion of patients LTFU in this study is similar to the findings of studies conducted in Uganda and Nigeria where the cumulative incidence of LTFU at 2 years was 30% [5] and 37.7% at 3 years [17] respectively. This is in contrast to the 7.3% LTFU reported in a study in Togo [18] , 14.7% LTFU reported in a retrospective study in Kwazulu Natal, South Africa [19] or 19% prevalence of LTFU in a study involving 15,000 patients in 5 West African countries [20] , while a study in Guinea Bissau reported a LTFU prevalence of 57.61% after 7 years [21] . This variation in prevalence rates of LTFU might be due to heterogeneity of the population groups studied and the unstandardized definition of LTFU [22] , however it shows that high LTFU rates is a consistent challenge affecting ART programs especially in sub-Saharan Africa [2, 23] . Designing effective referral systems and strengthening them for tracking LTFU patients and returning them back to care is essential in preventing programmatic HIV cascade loss [2, 22] .
Although more females were in this study, men were more likely to be LTFU in concurrence with similar studies [14, 16, 20, 21, [24] [25] [26] [27] [28] where male gender was identified as an independent predictor of LTFU in the HIV/ AIDS program. In contrast to our findings, a study in Togo reported that females were more likely to be LTFU compared to males [18] . It was suggested in a study that men are predisposed to LTFU because they present late for care compared to women and may be at increased risk of severe illness and death [27] . Increased risk of LTFU amongst men indicates need for specific gender based intervention to increase retention [16] . Furthermore, the impact of antenatal care entry and in extension prevention of mother to child transmission programs on eventual retention of participants requires study.
Increasing PLHIV age was associated with LTFU, with the elderly age group (> 65 years) at higher risk of LTFU than the pediatric age group (1-9 years);this aligns with findings from a previous study [24, 25] but is incongruent with results from a case-control study done in Ethiopia's Oromia region, which showed that patients aged 15-24 years were about 19 times more likely to be LTFU on ART treatment compared to those patients aged above 55 years [29] . Nigeria's vital registration systems (birth and death registration) is shaky and many deaths are likely captured as LTFU, among the elderly (> 65 years) this could be a factor especially in relation to all-cause vs AIDS-related mortality. Further research of age specific LTFU rate especially amongst adolescents living with HIV who are transiting into adult HIV care should also be explored.
LTFU in our study was more common in the first 6 months of ART initiation as reported in previous studies [22, 24] . New ART initiates may need to navigate psychosocial barriers to remain in care and should be targeted for additional comprehensive adherence counselling [30] . An inverse relationship between LTFU risk and increasing monthly duration of ARV refills was noted with more patients LTFU that are on a monthly ARV refill. Clinicians can adjust ARV refill based on client staging. Those on monthly revisits were likely of lower immunological staging, which also predisposes them to high LTFU risk. Providing longer duration of refills for stable patients can reduce LTFU attributable to high transportation or away from occupation costs of seeking care [22] .
Our study showed geographical variation in the risk of LTFU with patients residing in the North with increased risk (except in Kano) compared to the south and patients from the North-Central region more likely to be LTFU compared to the North-West region. This geographical variation has been reported in a previous Nigerian study although with a different pattern [15, 16] . The high HIVprevalence settings of Nigeria's North Central relative to its health workforce availability might be a contributing factor.
Long duration of observation of the cohorts on ART and the large number of the patients analyzed improves generalizability of our findings. However, this study is limited by the unavailability of some demographic, clinical and laboratory information that are important variables that could predict LTFU including but not limited to CD4 count, weight, educational status and adherence to ART.
Conclusion
This study demonstrates that LTFU is still a challenge in the HIV program in Nigeria. Male gender, 2nd line regimen, increasing age group interval from 9 years, un-suppressed viral load or targeted viral load test indication, residence in the north especially North Central region, increasing duration of ARV refills and ART initiation of less than 6 months are all significant predictors of LTFU in Nigeria. Differentiated care approaches are advocated. 
